The main objective of this project is to discuss the design and implementation of a multi-agent system that provides intelligence to a distributed smart grid because of their benefits of extensibility, autonomy, reduced maintenance, etc. In the literature the smooth operation of a power system requires a control architecture that consists of hardware and software protocols for exchanging system status and control signals. This project presents the modeling of intelligent energy control center (ECC) controlling Distributed Energy Resources (DERs) using a multi-agent system. The multi-agent system consist of smart grid and agents such as user agent, distributed energy resources (DER) agent , database agent, control agent, work in collaboration to perform assigned tasks. The DER model is created on the client side and ECC is created on the server side. These results indicate that the controlling of DER agent can be achieved both from server and client. The wind power generator connected with local load, the solar power connected with local load and battery and the ECC controlled by Artificial Neuro Fuzzy Interface System (ANFSI) is used in PV system for reducing the transmission and distribution losses, complexity and increases efficiency and THD and are simulated in MATLAB/SIMULINK.
Introduction
Multi-Agent systems (MAS) consist of multiple intelligent agents that interact to solve problems that may be beyond the capabilities of a single agent or system. For many years, conceptual MAS designs and architectures have been proposed for applications in power systems and power engineering. With the increasing use and modeling of distributed energy resources for microgrid applications, MAS are well suited to manage the size and complexity of these energy systems. The recent trend of renewable energy development is a combination of distributed power sources and energy storage subsystems to form a small microgrid that can reduce loss of energy from power transmission lines over long distances. To use renewable energy more efficiently, dc electricity should be directly supplied to these loads. Energy Control Center (ECC)) is designed and built for system operation. In order to have an efficient power system operation and control, various control centers have to be operated in the hierarchical level. The following Table-1 shows the level decomposition of control centers in the power system. 
Description of Energy Control Center and Multi-Agent System
A multi-agent system which stands a few steps ahead of a SCADA system is used to manage the grid. The component of multi-agent system and their functionality are given in block diagram is shown in Fig. 1 .The server has a wireless connection with the client as shown in Fig. 1 . This communication enables a DER agent (from the client side) to manage the power that is to be distributed to the necessary loads. DER agent, solar and wind power generator are connected to ECC through the Internet. This data is stored in database agent in ECC. The control action is taken by the ANFIS present in ECC, based on the data from the DER. In this work, internet is used for communication 
Block Diagram of the Simulation Model
The block diagram of the multi-agent system simulation model is given in Fig. 3 . Wind power generation consists of a wind mill, induction generator connected to the grid through circuit breaker and the load. Solar power generation consists of solar panel, inverter, transformer connected to the load and circuit breaker. The interconnection of wind power, solar power and grid forms the power system smart grid with DER. The voltage measured in wind power generator and solar power generator is sent to ECC through the Internet. The Artificial Neuro Fuzzy Interface (ANFIS) present in ECC activates the circuit breaker according to the voltage requirement. The addition/removal of solar panels to the grid is controlled by ANFIS. If solar panel is removed from the grid, it will be connected to charge the battery. Since ANFIS is used for the control, it can be extended to control circuit breaker (CB-1) and circuit breaker (CB-2), as given in Fig.  3 , depending upon the availability of DERs. In this work, simulation model of wind power generator is created in computer-1 as shown in Fig. 4 . It is considered as client. The voltage, current, frequency and power of DER can be measured. This is known as DER agent. It is converted in to excel sheet using MATLAB commands which is called data-base agent. This can be sent through the Internet to computer-2, which is a server. In this computer, solar power generation SIMULINK model is created and ECC is also developed in different file.ECC can be developed in either computer-1 or 2. Based on the voltage magnitude received in ANFIS, the decision will be taken whether solar power should be used for charging battery or connected to grid/load. 
Design of ANFIS
ANFIS is a simple data learning technique that uses a fuzzy inference system model to transform a given input into a target output. This prediction involves membership functions, fuzzy logic operators and if -then rules. There are two types of fuzzy system, commonly known as the Mamdani and Sugeno models. There are five main processing stages in the ANFIS operation, including input fuzzification, application of fuzzy operators, application method, output aggregation and de-fuzzification.
ANFIS Architecture
Generally, ANFIS is a multilayer feed forward network in which each node performs a particular function (node function) on incoming signals. For simplicity, we consider two inputs 'x' and 'y' and one output 'z '. Suppose that the rule base contains two fuzzy if-then rules of Takagi and Sugeno type Rule 1: IF x is A1 and y is B1 THEN f1=P1x+Q1y+R1 Rule 2: IF x is A2 and y is B2 THEN f2=P2x+Q2y+R2
The ANFIS architecture is a five layer feed forward network is given as 
ANFIS Learning Algorithm
The ANFIS Learning Algorithm uses a two-pass learning cycle. In the forward pass, S1 is unmodified and S2 is computed using a Least Squared Error (LSE) algorithm (Off-line Learning). In the Backward pass, S2 is unmodified and S1 is computed using a gradient descent algorithm (usually Back Propagation). From the ANFIS structure shown in Figure5, it has been observed that when the values of the premise parameters are fixed, the overall output can be expressed as a linear combination of the consequent parameters.
Figure 5: ANFIS Structure formation
The hybrid learning algorithm is a combination of both back propagation and the least square algorithms. Each epoch of the hybrid learning algorithm consists of two passes, namely forward pass and backward pass. In the forward pass of the hybrid learning algorithm, functional signals go forward up to layer 4 and the consequent parameters are identified by the least squares estimate. The back propagation is used to identify the nonlinear parameters (premise parameters) ) and the least square is used for the linear parameters in the consequent parts.
Simulation Model of the Multi-Agent System
The Fig.6 . Indicates the simulation of ECC with ANFIS, if it is created in computer 3. The output of ANFIS is used to control the solar panel. Before simulation, the excel files are converted into database agent in MATLAB command window and loaded to the workspace. Based on the magnitude of voltage received in the inputs, the decision is taken by the ANFIS. The output of ANFIS is constant value (1, 2, 3, 4, and 5) and this is used to drive the multi port switch. Based on the output of ANFIS, the number of panels are added or removed in the model. The wind power generation, solar power generation and grid are connected through the circuit breakers (CB-1) and (CB-2) as shown in Fig.3 .These breakers are activated based on the step pulse. In this work, these circuit breakers are controlled by ECC command. The ECC is enabled to monitor the solar voltage and wind voltage magnitude for regular intervals of time to make the decision on number of solar panels connected to the load/grid or battery based on ANFIS output.. During simulation of model shown in Fig. 6 , the voltage induced in solar panel and wind generators are stored in .mat file and it is converted into excel format using MATLAB commands.
A. Solar Power Generation
In a typical solar PV module, 36 cells are connected together in series. In each module, the voltages induced in the 36 cells are added together. Series combination of 36 cells will provide 21.6 V. To generate 230 V ac supply with 50 Hz, approximately 11 modules are connected. To convert DC to AC, inverter is used and to increase the voltage, transformer is used. Solar power generation consists of solar panel, inverter, trans-former connected to the load and circuit breaker.
B. Wind Power Generation
Self excited wind power generation scheme is used in this work. Induction generator connected in parallel with capacitor bank provides excitation to the generator. When it is connected with grid, it injects power depending upon the speed of the generator. The speed of the generator depends upon the wind speed. Wind power generation consists of a wind mill, induction generator connected to the grid through circuit breaker and load 
Total Harmonic Distortion (THD):
In this project by using Artificial Neuro Fuzzy Interface System (ANFIS) the Total Harmonic Distortion (THD) will be reduced compare to the Fuzzy Logic Controller to about 36.13%. 
Comparison between FLC and ANFIS

Conclusion
The simulation model of ECC, with ANFIS controlling the solar and wind power generation interconnected with grid using multi-agent system is described in this project. The voltage of wind and solar power are stored in a excel sheet as a database agent. ANFIS controls the switch provided in the solar panel to add/remove depending upon the voltage requirements. The results prove that the frequency fluctuations are reduced .By using FLC the THD value is 31.28% whereas by using ANFIS the THD value is 19.98%.The total reduced THD value by using ANFIS compare to FLC is 36.13%. These results indicate that the controlling of DER agent can be achieved both from server and client. The wind power generator and the solar power connected with local load and battery and the ECC controlled by Artificial Neuro Fuzzy Interface System (ANFSI) is used in PV system for reducing the transmission and distribution losses, complexity and THD and increases efficiency.
